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(54) LUMINOUS COMPOSITE MATERIAL AND ITS 
PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To produce an inexpensive 
thernrially and structurally stable luminous connposite 
material having long afterglow properties and capable of 
manifesting excellent weather resistance even under 
chemically severe conditions. 

SOLUTION: A powder of an alkaline earth aluminate 
luminous fluorescent substance singly activated with 
europium or coactivated with europium and neodymium or 



europium and dysprosium or a powder of an aluminum 
silicate luminous fluorescent substance mainly activated 
with europium and emitting blue light as the first 
luminous agent is mixed with a glass powder in an 
amount of 0.1-400 wt.% based on the first luminous agent 
and reacted at a low temperature in the atmosphere. 
Thereby, an inexpensive structurally, thermally and 
chemically extremely stable luminous glassy composite 
material capable of manifesting long afterglow 
properties and emitting light at 440-560 nm wavelength 
is obtained. 
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(57) [gi^l 

n If T> A^i.t;5^;^-i> AXfi^ a f iJ^ ixS.t;fi;!=;^ 
"t?, SV-'^^t'liSr;^!^. JK;g::*S4 4 0 nmd^fo 5 6 0 n 



(2) 

1 

:Jifvv^^j>^. 

MA 1 2 O4 : Eu, Dy ; 10 

M4 A 1 14O25 : E u , D y ; Xl^ (Mi-p-^ , E 

Q, ) O • n {A 1 B» ) 2 O3 • k P2 - a 

n£ii TcD® H ^^j^-r ^ iii:;^^ e> ^ o 

0. OOOl^p^O. 5 

0. 5^n^3. 0 

0. 0 0 0 1 ^m^O. 5 

0<k<0. 2 

0. 000 2^p + q^0. 75 
) 

(W M*„E u, L ni ) (A 1 S i 3/4. 

□ i/J 2 O4 30 

^ti^-mmKl±(^T/u:Jt3 y ±®^M7c^. 

XJ^^iyhV !?A;6^e>31^$tu5"«^W±(D2^ffi^M7C 

Ln(iEui^>n-<0*±®7C^^^*5b. 
n' . . K x^^^^^^i^TI^O®ffl^^S■t- 6^ 40 

O^n' ^0. 2 

0. 0 0 0 1 ^m' ^0. 1 

0. 0001^1^0. 1 

0<x^0. 6 ) 

^mm^^ 0 . 1 - 4 0 0 w t %(oit^xm^ l. *pf^ 

S/S^^"C/cC*9. :%^JKS;554 4 0 nm—S 6 0 nintc 
m^m2] ^^tt;*f^;^i:f-X. S^tt:^f^;x.:7r^ 50 
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^ t b-C^?^ bfc r ^ t 
[ft3R^ 3 J m^km 1 {c|B^<D^^14;t;^ 
[Kl^lS«oMlS>fe^J(c^b-C. :^y:^mMm^^O. 

t b< fi^f£'i4;«f><.#ia^4'. 4 0 O'-i 2 0 o^c-cin 

I^KiS^-^T. 4 0 nm-'S 6 0 nm(;ifc 

MA I2 O4 : Eu, Dy ; 

M4 A 1 ,^On : E u , D y ; Xf^ (Mi^ , E Up 
Q, ) O • n (A 1 B„ ) 2 O3 • k P2 Os - a 

J^DS^eSlJ-Cfc^). p. q. n. mJSlt^kli. ^fh^ 

0. OOOl^p^O. 5 
0. OOOl^q^O. 5 
0. 5^n^3. 0 
0. 0 0 0 1 ^m^O. 5 
0<k<0. 2 

0.0 0 0 2^p + q^0. 7 5 
) 

t>b<J^. ^5^nt:''^7A;&s^»S^ixfcr/W:5?7y±®^ 

(M' M^EUo Lni ) (A 1 l-x S i 3/4JC 

□ V4x) 2 O4 

n bfc«^fe^>tttr ^ ^ T> ix K:^^^ 

(mb. ±i5^^^-e. DftM^^ii. M' fi-^^^i^iJ^ 

SSiJl_hC»T/^;^ y ±^^jS7C^. M* 11-^ V 
E u Wi51-<^*±^7cmSr^;b b. 



(3) 

3 

O^n' ^0. 2 

0. 0 0 0 1 ^m' ^0. 1 

0. 0001^1^0. 1 

0<x^0. 6 ) 

-e. xii^ntw^fbr 4 0 0 w t %WTo®fflrt-e;<f7 

UT^it). ^)tejS*«S4 4 0 nm~5 6 0 nmlCfeSr 

r 4 0 0 w t %g^TC»ffiHl^t?;!f 7;^«&*MlEfSrl^APiS 
0 0~ 1 2 0 0'C-CiD|^S;j(£;^-&T#e>nfc^*'l4;«f7 

)tStS;55 4 4 0 nm~5 6 0 n m(cfcS«3t14«-&*i-Sr 
&^^ift%. Myb'&l^^^mm.'^. 1200~1600 

MA 1 2 : E u, D y ; 

Mt A 1 14O25 : E u , D y : XJ* (M,-,^, , E Up 
Q, ) O • n (A 1 ,-. B. ) 2 O3 • k P2 Ob - a 

(fib. ±^'p. MttT/i-:bv±m^mRx^Mm^hm 40 

0. 00 0 1 ^p^O. 5 
0. OOOl^q^O. 5 
0. 5^n^3. 0 
0. 0 0 0 1 Sm^O. 5 
0<k<0. 2 

0.0002ip + a^0.75 50 
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) 

t>u<{*. ^5'aif!>A:os^iae$^vfcr/V'*y±«^ 

(M' M*„Eu. Lni ) (A 1 S i 

□ l/J 2 O4 

t^-f 5/ h y U'Ad^e>^^$tv5— ttlBK±<r)2ffi^M5c 

LnttEuei^<D*±®5t:lg^^ipL, 
n' . m' , K X Ji-ttt^ttTIEOliffl^Sr^S-rs^ 

O^n' ^0. 2 

0. 0 0 0 1 gm' go. 1 

0. OOOISI^O. 1 

0<xgO. 6 ) 

1 m%n t 1 ^3t^j©)^7^^»a!fi 

•T?. Xtt^i^^;l*|•LT4 0 0 w t %ii^TO|6iBrt-e:^^ 

^i^#»tL.T^i»J. 5l3l£SE;i:dS4 4 0 nm~ 
560nm(;ifc6ri:Sr#mi:-r6 S^tffi^^^^o 

T 4 0 0 w t %|JiT©i^fflf^-t?;<f 7:^«&7^1^i|sf^^:»P?i 
0 o~ 1 2 0 (i'x:-Q%m&.t&^^x'^hkhtzm%'^-)3'y 

VM«^*t>U<«^fiH4;«f:?^#HftC^t?l 0 0~1 2 
0 0*C{c*p|^LT«g##Jt5^ttcj;t), %)fc^g/!iS4 
4 0 nin~5 6 0 n m(;ifc^^)t't4^'g-#:&-#-5 :i 2; ^ 

[0 0 0 1] 



[0 0 0 2] 

[0 0 0 31 «l^)|s|-i:LT. mim^t::^hn 

5&^^^^AifE^i«^$^^rv^s„ ^ti.}*, m^y^. 

)fecD (Ca, S r) S : B i''1t.%V^. nm^m%<OZ 
nS : Cn'^Skit^^ #&^^<0 (Zn, Cd) S : C 

"CfeSo Journal of Electrochemical Society^ 

mil8^. 930H (1971) {c$B■g^^^^-CV^S;^ 
^ 5/7 YhV v^-^-f h«itSr^rb;fcS r A 1 , O4 : E 

[00 04] ±15 (C a , S r ) S : B i 

^f\.X\^f£\\ (Zn, Cd) S : Cu'"^^^ 

ti, «14'^K-T?&SCddS-&*tvr*3t), WS^t^a^t 

m^i^X\^f£\\ ZnS : Cu='«3t^[*. S^cD#^E 

mmiEhvx. m^- mz.mn\z.^\^x^m^Kx\^ 

h/^^i; !>AT/W$^— 5 2 0nm/5 
0 0 nm#jfi(i*;*c5l3fc3i^^t,o^i^fe«>^)t^-e. 
0. 3 2mc d/m' *-e<D®aEB#M;iS2 0 0 Or^-Ui-t 
ZnS: Cu''*:S3t#:©2 0 0 j^\Z.]AL-<i\,\S.^ ;i:V^ 
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[0005] a.ffi<^S)t#:i8»$!{fp t bT ft, y ^ a 

Stufc W^^^4^;0DX•tt;^i t'o-tttg S-ffiii^ L ^£ . «n 

10 So 

[0 0 0 6] 

[519^*5^8^ U J; 5 ^;-rs^®] J^^S^fSx ±m<DnM 
[0 0 0 7] 

20 r^ASr^UCfifU. v^^T'nv'iJ^A, ^;^i?A^<o*±!g 

^j^^-(mmm%Vf(om^^m^-m%Mt\.x. 

^■»:^^m^'¥. 4 0 0~1 2 0 0"C-^*PimjK^-y:, 
*;iS4 4 0 nm~5 6 0 nml^^joT, *^i$^XT^/X 

[0 0 0 8] 

-ty'^A, 7°?-fe-;d-v»A. 7°t3p«^ij7i>,, f-^yiJ'A. 
^YV^-'^J^.. 'rA--if'^J>^. 3i/Vt'^7i^, 
^^yiJ/A, 4 -y'r/i^yf^J^. ru7-=^t7J^. 

e>3is? s tus -SIS*) s V ^ \mwmWi(r>ymx^m^ l 

50 MA 1 2 O4 : Eu, Dy ; 
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M4 A 1 14O2S : E u, D y ; Xl^ (Mi-p-g , E u, 
Q, ) O • n (A 1 1-™ B. ) 2 O3 • k O5 * a 

m 1 W^mt LTffiv^ibl^^o 
[0 0 0 93 {fib. ±^^. M}tT/U:^V ±m'^mRxf 

0. OOOl^p^O. 5 
0. OOOl^q^O. 5 
0. 5^n^3. 0 
0. 0 0 0 1 ^m^O. 5 
0<k<0. 2 

0.000 2^p + q^0. 7 5 

[0 0 10] *fc. ±f5^1^^^Jt bT{^. ^T^ne* 

(M' i-^i M%E u. L ni ) (A 1 1-, S i 

(mSrll2^^^^v^5o ) -C*:b$i^SEu^^i:- 

+tT/V ^ f> >5r>f ^:^^^^z^^ffi V ^ ^ r ^ t -C^ So 
[0 0 11] mu. JilB^'^-e. Df^M^^a. M' 

O^n' ^0. 2 
0. 0 0 0 1 ^m' ^0.1 
0. 0001^1^0. 1 
0<x^0. 6 

[0 0 121 imm(om'im.^y^mM.^m^. ±M(r> 

0 . 1 - 4 0 0 w t %<Dlt^-T?^l^ *PI^ 

*&5^MJisf ^ 0 . 1 - 4 0 0 w t %(o)^m'Qmim^\^. 

*^4'^>b<(^^S'ft:^>^#H5lfp. 4 0 0- 
12 0 or-e*Dl^Si^;^iirSw t^cJ:^9^T^:>^^5o 
[0 0 1 3] ±IEt?l*a^^^;::43V^T. EuJg«p;6S 

0 . 0 0 0 1 ^/V^C^fc?feV^ t . a^W«^5{g;< \) ^ 

iSTi-So *®ffi^Jii«q(^. iaF*b<f*o. 005^ 
q^o. 03-c*>i9. 0. ^-^m^^h. m&mit^n 
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«:65®</^-5c ^^^^^^SSEmf^. 0. OOOKcJ^fc/^ 

-So y >-igafk;ii5 0. I^m^^h^ WL^A^m^^ 

[0 0 14] --)5. J:l^^limJ5^^^-*3l^T. MSr^JSK 

/X^^'T'e/VWnf)^. 0. 5^n^l. 5-Cti^S;a5^M 
S^Sr^#:^L. 1. 5<n^3. OX\'t^^tmij^ 

Nd'^ (Eu'^fC^LTO — S 0^/i'%CDf!l^-e^:SP) 

^<DX hn V^^^^T/V5^— b tl^C. 5 2 0nmf^ 

[0 0 151 *5IMtc*5V^T. _bl^»2«a/ig^(c^^^^ 
SEu^^Offim' iJ^L<l^. 0. OOl^m' ^ 
20 0. OKDmmtmx^x^^^ 0. 0 0 0 1 7|c^-eti% 

f^W ate. 0. lS:®^S^5&>t^'^L^^;^vracoffl5: 

co-&#s^^J65Stfiax(oiii: (^/vffl) ti. o. i 
^x^o. 6<oiaffl{cfcsr i;65s*b< . s^-rss 

mm^xm (□) ^a^^-rso ^^-c. o. i^x^o. 

30 4 5cD®ia;65J: ?)^e^*L.V\ ^tv;&5 0. 6^Mx.St. 

[0 0 161 ±IB||2«aj5g5S<^«^^*:t?ti. -^<Dn^ 
(l-lO/zm) ^^^>o)|f&^^^*fe%^T/^^^!?ix^ 

3-^Na2C03 m^M:^^::itt^X^^o -SI5A 1 ^ 

-e<^a^Sf^o. 0 0 i^/v^^Mx.5:i^{l^£V\ 

[0 0 1 7] m2m^^\cx^miw^M<o^ 

hn:/^i?i^Xf^'^^y 'J^A) cO'ft'^i^. A 1 <D>f[:>e^f^. 

S i <Oit^mRXJ^mfSM<OKu'\ D y^^^N d^^^fe 

<\t.mm^^^^M{cmitmtf£Y)%^mmM. mm 
50 v^Tt>(^^■cfe5o 



(6) 

9 

*jl7C#H^4"-Cl 2 0 0~1 6 0 cc. i~i2^ra 

[ 0 0 1 8 J mi w^mt:ffy:^nmi^M<Dm^m^ 

LT, 0. l~4 0 0wt%<D$iH(c$>?)i5l-U 0 
*L< «1 Ow t %~1 0 Ow t %<?5$iiai:-r'5o ISl 

[0 0 1 9J :ff^:^WMk LTIi. — y-^T 
^Wi:ffy:^ (S iOa -Naz O-Ca O-MgO-A 
1 2 O, ) . m^-{mM.:»y:^ (S i O, -Na^ O- 20 
B.O, -Alz O, ) . ^Ttv-fJV ^-^mM-ff"^:^ 
(S i O2 -Na2 O-P bO-A 1 2 O3 ) . ^ 
(SiOz -Naj O— CaO — BaO — Al 

2 O3 ) . ^:e:«f7;^ (S i O2 -Bs O 

3 -CaO-MgO-A I2 O, ) , 'yV^^yy^ 

;<f7X^-&ie)-C. *tT.e>©5*><^— «Xf*«l^«Srffl-a- 
[0 0 2 03 ^P=»§gco#^'tt:^9;^««-^#§riSit-rs 

14:;?f;<.#ffltC4'. 400~1200'C, 3 0:»-M~lO 

4 4 0 n m~ 5 6 0 n m(C 

[ 0 0 2 1 J ±mm 1 ^^m(onm^m. xtt^tvd^e. 40 

it.M^^. 5 0 0~1 2 0 0'C-C-fe75 s/i^x, Ix^- 

^v^T, 1 0 o~ 1 2 0 CC-ef^iaaSr^rvv -fe^ 5 5/ 

^^li-fe^? 5'^;^«'g-*^ (SCfpSr-^tPo ) . 50 
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[0 0 2 23 m:^ii. ±m(r)m i 

?l'a-ilS&*iS:iSgll-»«<^-fe 7 5 ^ ;^ i: 

^'4'-T?l 2 0 0'C~1 6 0 Ot:, 1~1 2^H-CllH]i^ 

^J) tr;rKX«*^^^J-e;^ 9 y — bT. -fe- 7 5 ^' 
^m^'^. 1 0 o~i 2 0 o"C;{;i*DfibTgg##{ts;: 

t{C<t«9, 5S3fcSi**S4 4 0 nm~5 6 0 nm(Cfc5# 
[0 0 2 33 E19{ci{i, ^^-tt^-f/K Il3t'tt-fe9$5' 

t bT«^$tu5^>(D-efc!3. 2«, ^(^_h(c— 

[00 243 If— X«^«-<oK3t{;ifi. ik 

1) «2^3t^J»«&7^^;*:ftC'l'-t?iDl». ^St^-e-fc 
^^IK^3ia:ii5^*^?>35»tfiSriiilbT*^tc}ST 

2) ^2^^^fiJ®*&7^(c*2%:U5/X(*iia*©*^^^^ 

3) »2S^j*J<D*&*=^;*:/:^^/-/wS^tS-t?:^7 

v-m-mmi^. mm^^m^^r^ ^m^±i'mmi^. 

[00 2 53 ^^tt;<f7;^7r-i'^^-1»^IJ©» 
*>. _hSE^2^^^J(D«&*<^;5^;if7x^'ff^{^AtvT;(c 
ti-*5ia^t?:;y7^'ffl^*^P>®C^t:bJr&J?)fc^ffi*^Sr^ 
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[0 0 2 6] 

LMMm 1 ] S r 0.995 E Uo.005 A 1 1.85 S i O.^O 

LTBa Os . Na2 CO3 ^M^. Tia<Di<Di^)|S(.|^ 

SrCOa 73.45g 

A I2 O3 4 7. 1 5 g 

S i O2 4 . 5 g 

E U2 O3 0. 4 5 g 

B2 O3 3. 4 8 g 

NaaCOa 7.95g 

[0 0 2 7 J 4 ox^'x^m.mi^tim^m^i^. '^m^mm 

^ffiV^T. 1 0 0 0 k g/c <D#fi-e. Ii:^2 Om 

m 1 ^3t^J) O 1 0 0 g 
9:^m^5 Btm^V. ^m:ff:^^l 0 0 OX:'^^ 

4 6 0 nmMjfitill^KSLTWfe^^i-^^^I^^^W- 

5/^;^_h(c-ft:^ML. ;^:^tf^-ei 0 0 ot:i^ra 
T*llH]^^i-^^t[cj:(9. >:y^;^«'a^W 

[0 0 2 83 [^JS^J2] S r 0.995 E Uo.005 Y 
o.oo2bA 1 1.80S i 0.20O4 (Dit^m^^hoW^^^ 
#^fc*e>(c, ::7^-/^;^t bTBa O3 . Na2 CO3 

5 r CO3 2 9 3 8 g 
A I2 O3 1 8 3 6 g 
S i O2 2 AO z 
E U2 O3 1 8 g 
Y2 O3 5. 8 g 
B2 O3 1 3 9 g 
NazCOa 318g 

[0 0 2 9] 4 ox^'x^m.mx.ft.m^mm^. ^m^m^ 

SrfflV^T. 1 5 0 0 k g/cm' <^#a-e. 10 0X1 
0 0X1. 8mm' (Om^^^X^. ®^^^Sr,RIV^T. 7 
%:^m^^T;v:di^iS:Ax^^ 1 3 0 0t:T?. 3^mm^ 

l^^^J) OlOOg^. ^^;^^^J^7|^2 0g^^i^ 
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8 Omm:ft^Mt?^SL. 4^ 1 0 0 0^ 

SES^^M 8 0 nmf^i£tC>efiLTWi^fe5&^-r^^ 
^li^^W- («2^^^J) ;5Sf^»l-T?#^c:o gllOBtc^ 
(OXRD^^>5^->'Sr^'t*o Els tlll4^1^i^^^^^cDS) 

[0 0 3 03 [|IJffifll3] C ao.95Euo.05A 1 1.70S 
10 io.3o04 0'fk:^«a^SSr«Fo^^#:^#^7tie>(c, 

:^b\.XB2 O3 s Na2 CO3 SrJOx.. TIBcOi 

CaCOa 19.02g 

A 1 2 O3 1 7. 3 4 g 

S i O2 3. 6 0 g 

EU2 O3 1. 7 6 g 

B2 O3 0. 6 9 g 

Naa CO3 3. 1 8 g 

20 [0 0 3 13 4 0 t:-eS;i*b/cj!S^J^*j^. ^M^SS 

SrfflV^T. 5 0 0 k g/cm' <^^m-C. ii:@5 0mm 
4r>fflV^T5%7K^-g'^T/V::3*>^;;^f;;<.4l^ 1 3 5 Q t:-^. 

4 4 0nm{cfc5^-&(-^^-r^^>fe#^Sr»;fco -bfE* 
&5l^-r5^3t#:«^^ (^l^^^J) <D2 5g^. 

(S i O2 -Naz O-C a O-MgO- 
AI2O3) 2 5gtC?i'a^b. 12 OX 2 5 0mm' 60 

mWi(D±\z.mM\.. 8 0 ot:-ci^ra;^^4^gfej5KL.. ^ 
m.m^'&mnm^mi.. 7 8ot:-c. zo^mi^^m.^^ 

[0 0 3 23 mmK. mmmi. iiJEM2-c#e>4xfc* 

iy:i^:^«(D±(;i^:^&LT. 8 0 0 1 

40 7 8 0^t?. 3 o^ra^'c^tf^j^jsebT. sm^tt^ 

[0 0 3 33 [*JS^J4 ] S r 0.995 E Uo.005 N d 

0.0025AI2 04 (Dit^m^^h-ow^i^^^^fc^ 

yyy^:^k\.XB2 0z. Naa CO3 '^M^. 

SrCOa 293. 8g 

50 A 1 2 O3 2 0 4 . 0 g 
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E U2 O3 
Nds O3 
B2 O3 
Na2 CO3 



13 
1. 8 g 
0. 9 g 
1 3. 9 g 
3 1. 8 g 
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^SrfflV^T. 2 0 0 0 k g/cm'cD^l^a-e, 8 0X8 
Omm^ <Dm^^M\^. 1 6 0 X 2 4 0mm' 

'f'm(D±\z.mmm^x. s^*^srfflv^r3%7K*-^*T 

/W=f^^:;tf;^4^, 1 4 5 Ot:-e2^Hj^J5gU. _blBT/W^ 

[0035J imMmsi 
0.005 NdoooasA I2O4 (Dit^u^^n-:>mit^ 

O2 -Na2 O-B2 O3 - A I2 O3 ) «&*5 0 0 g 

[0036] 2) S ro»26E uooos D y 0.0026 A 
I2 O4 <0>fb^imj5e^^^>oEu'^^Dy^*^^®ffibfci 
S r Al. O. m%W^. TIB<D3l*9f^^bfCo "T^^e*:? 
t>. UTB2 Os . Na2 CO3 ^Jnx.. 

/Co 

S r CO3 2 9 3. 0 g 

A 1 2 O3 2 0 4 . 0 g 

E U2 O3 1 . 8 g 

D yz O3 0. 9 g 

B2 O3 1 3. 9 g 

Na2 CO3 3 1. 8 g 

[0 0 3 73 AQV.'xm^^x.fz.m^m^^T/vz'r^i^ 

(CA^^. «m*^S:fflV^T5%*ig-g•*^ig;^f^4'. 12 
50t:-e. 8^W«§^f ^-^{-J: *i.^^:05MA 1 

(Si02 -Na20-PbO-Al2 03 ) «^*5 0 

0 g t^K— ^^:^;^4^7 0 ot: 

iSS;5S4 8 0 nm#ift(C^S«-r^*^fe^^i-5»2S 

>tSl];i>sf^M-C#fc. iai^OC{c-^(DXRD^^^ 

•To /ce:^D\ :io||JS^j5c^i) ^it;^2) ■c#e>^^fc®2 



[ 0 0 3 8 J [^iS^J 6 ] 

1) M4Al„026:Eu, Dymj^O^l^^^JS: 

SrCOs 530.371g 
AI2O3 330.48 g 

Eu2 O3 6. 5 1 7 g 

DyaOj 13.814g 
10 B2 O3 4 4. 0 6 g 

Na2 CO3 2 6.4 3 g 

[ 0 0 3 9 1 ilJfe^J 3 t lRl«<D;^ffi-e. ^=7y^::^h\^ 
TB2 p3 . Na2 CO3 SriD;t. iSSt^T/Vn— 

Ot:-e^)!SL3^ciS^«^*{l. ^^^MS^SrfflVNT. 10 
0 k g/cm' cD#fi-e. iS^l 0 Omm<^, iS^ 1 5 
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